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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for simply manufacturing an 
anisotropic exchange spring magnet, having superior magnet characteristics. 
SOLUTION: This manufacturing method of the anisotropic exchange spring 
magnet includes a step for grinding an rare earth magnet alloy, to size being 
smaller than that of a partial anisotropy region to obtain magnet powder, a step 
for forming the magnet power in a magnetic field to obtain a green compact, and 
a step for allowing the green compact to be subjected to discharge plasma 
sintering to obtain a bulk magnet. In an NbFeB-based rare earth magnet alloy, in 
which hard and soft magnetic phases are mixed, each size of the hard and soft 
magnetic phases is set to 80 nm or smaller, and at the same time, the size of the 
partial anisotropic region, where the direction of the axis of easy magnetization in 
the hard magnetic phase is equal is set to 0.1 pm or larger. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The rare earth magnet alloy characterized by being the NdFeB system 
rare earth magnet alloy with which a hard magnetism phase and a software 
magnetism phase come to be intermingled, and for the magnitude of said hard 
magnetism phase and said software magnetism phase being 80nm or less, 
respectively, and the partial different direction-ized area size to which the 
direction of the easy axis of a hard magnetism phase is equal being 0.1 
micrometers or more. 

[Claim 2] a presentation following type (1): - [Formula 1] 
Nd,Fe 100 -«-r-B y V. (1) 

The rare earth magnet alloy according to claim 1 characterized by (being the 



inside of a formula, x=4-10, y=4-7, and z= : 0-2). 

[Claim 3] The rare earth magnet alloy according to claim 2 characterized by 
coming to permute 0.01 - 80atom% of Nd by Pr. 

[Claim 4] The rare earth magnet alloy according to claim 2 or 3 characterized by 

coming to permute 0.01 - 10atom% of Nd by Dy or Tb. 

[Claim 5] A rare earth magnet alloy given in any 1 term of claims 2-4 

characterized by coming to permute 0.01 - 30atom% of Fe by Co. 

[Claim 6] A rare earth magnet alloy given in any 1 term of claims 2-5 to which Fe 

or Co is characterized by coming to permute by one or more 0.1 - 3atom% sorts 

of aluminum, Mo, Zr, Ti, Sn, Cu, Ga, or Nb to a total presentation. 

[Claim 7] A rare earth magnet alloy given in any 1 term of claims 1-6 

characterized by the magnitude of said hard magnetism phase and said software 

magnetism phase being 60nm or less. 

[Claim 8] the magnet which ground said magnet alloy in magnitude of 25 
micrometers or less, and carried out magnetic field orientation all over the 
magnetic field of 10kOe - being related -- following type (2): - [Equation 1] 

A rare earth magnet alloy given in any 1 term of claims 1-7 which come out and 
are characterized by the degree of formation of the different direction in 16kOe(s) 
expressed being 1.1 or more. 

[Claim 9] How to manufacture the rare earth magnet alloy of a publication in any 
1 term of claims 1-8 from a rare earth magnet ingot using the strip cast method or 
a super-quenching method. 

[Claim 10] How to manufacture the rare earth magnet alloy according to claim 9 
characterized by the thickness of the crystalline substance alloy thin band 
manufactured by said strip cast method or the super-quenching method being 
10-300 micrometers. 

[Claim 1 1] the phase of grinding a rare earth magnet alloy given in any 1 term of 
claims 1-8 below to partial different direction-ized area size, and obtaining 



magnet powder, the phase of fabricating said magnet powder among a magnetic 
field, and obtaining a green compact, and the phase of carrying out pressure 
sintering of said green compact in the discharge plasma, and obtaining a bulk 
magnet - since -- the manufacture approach of the becoming anisotropy 
exchange spring magnet. 

[Claim 12] It is the manufacture approach according to claim 11 characterized by 
performing grinding of said rare earth magnet alloy with a wet ball mill or a dry 
type ball mill. 

[Claim 13] The manufacture approach according to claim 11 or 12 that the 
consistency of said bulk magnet is characterized by being 95% or more of the 
true density of said rare earth magnet alloy. 

[Claim 14] The motor which comes to prepare for any 1 term of claims 11-13 the 
anisotropy exchange spring magnet obtained by the manufacture approach of a 
publication. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] Especially this invention relates to the approach of 
manufacturing the anisotropy exchange spring magnet which has outstanding 
magnetic properties simple, about an anisotropy exchange spring magnet and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] The Nd-Fe-B system permanent magnet which has 
high magnetic properties as a magnet used for a motor etc. is used widely, and it 
is manufactured using the solution process (M. Sagawa et al and Japanese 
Journal of Applied Physics26 (1987) 785 reference) or the quenching method (R. 
W.Lee, Applied Physics Letter46 (1985) 790 reference). Moreover, HDDR 
processing (T. Takeshita et al, Prod 0th Int. Workshop - Rare Earth Magnetsand 
Their Applications, Tokyo, 399 (1989) reference) is developed, and the 
improvement in coercive force by the atomization of crystal grain is possible. An 
anisotropy can be given to the powder which adds alloying elements, such as Co, 
Ga, Zr, and Hf, and is obtained at this time. Development of the Nd-Fe-B system 
permanent magnet which has outstanding magnetic properties by such ED was 
attained. 

[0003] However, a Nd-Fe-B system permanent magnet is approaching theoretical 
threshold value about a magnet property. For this reason, it asks for 
development of the next-generation magnet which has the further high 
performance, and the exchange spring magnet attracts attention in recent years 
(E. others [ 3588 / F.Kneller and R.Hawig and / IEEE Transaction Magnetics27 
(1991) ]). A hard magnetism phase (it is hereafter indicated also as a hard 
phase) and a software magnetism phase (it is hereafter indicated also as a 
software phase) consist of an organization which did detailed distribution to 
dozens of nm order, and magnetization of a bi-phase is not [ magnetization of a 
software phase ] easily reversed by the exchange interaction with Lycium 
chinense with an epilogue, and an exchange spring magnet is a magnet served 
like a single hard phase as a whole, and is also called a nano composite magnet. 
If-izing can be carried out [ anisotropy ] in Sm2Co17N3/Fe-Co, it is reported by 



the theory top that the value of (BH) max=137MGOe can be acquired (R. 
Skomski andJ.M.D.Coey, Physical ReviewB48 (1993) 15812). 
[0004] It is R.Coehoorn an old place, et al, Journal de Physique The manufacture 
approach of a Nd2Fe14 B/Fe3B system exchange spring magnet is indicated by 
49(1988) C 8-669. Moreover, JP,7-173501,A, JP,7-176417,A, 
LWithanawasamet al, Journal of Magnetism and Magnetic Materials The 
manufacture approach of a Nd2Fe14 B/Fe system exchange spring magnet is 
indicated by 124 (1993)L1. 

[0005] however, the melt span method used in the above-mentioned reference 
and mechanical alloying (MA) - since crystal orientation cannot be arranged, 
only an isotropic exchange spring magnet is obtained, but harnessing the 
property of an exchange spring magnet in law, is fully able to be finished 
[0006] As the manufacture approach of an anisotropy exchange spring magnet, 
the approach which the approach of carrying out hot working of the quenching 
thin band alloy in which a hard phase and a software phase carry out [ the 
approach of carrying out heating crystallization of the Nd-Fe-B amorphous alloy 
all over a strong magnetic field ] a detailed distribution deposit at JP,11-97222,A 
carries out the rapid temperature up of the quenching thin band to JP,2000- 
235909.A, and carries out 1 shaft deformation between direct ** is indicated by 
JP,11-8109,A, respectively. 

[0007] However, it asked for development of the manufacture approach of a 
simpler anisotropy exchange spring magnet with a magnet property inadequate 
[ the anisotropy exchange spring magnet manufactured by the above-mentioned 
approach ] and. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the 
approach of manufacturing the anisotropy exchange spring magnet which has 
the outstanding magnet property simple in view of the above-mentioned matter. 
[0009] 

[Means for Solving the Problem] By adopting the process which grinds this as a 



start ingredient using the rare earth magnet alloy to which the hard phase and 
the software phase distributed minutely, and the direction of the easy axis of a 
hard phase is partially equal to size smaller than the field which had complete set 
of hard phase although it is isotropic as the whole alloy, this invention persons 
establish a header and terms and conditions for the above-mentioned technical 
problem being solvable, and complete this invention. That is, when such a 
magnet alloy is ground even in size smaller than the partial different direction- 
ized field which has had complete set of direction of an easy axis and is 
fabricated among a magnetic field, the green compact which has an anisotropy is 
obtained. By sintering this on the conditions on which a crystalline substance 
does not ****** , the anisotropy exchange spring magnet which has the 
outstanding magnet property can be obtained easily. The concrete configuration 
of this invention is as follows. 

[0010] Invention according to claim 1 is a rare earth magnet alloy characterized 
by being the NdFeB system rare earth magnet alloy with which a hard 
magnetism phase and a software magnetism phase come to be intermingled, 
and for the magnitude of said hard magnetism phase and said software 
magnetism phase being 80nm or less, respectively, and the partial different 
direction-ized area size to which the direction of the easy axis of a hard 
magnetism phase is equal being 0.1 micrometers or more. 
[001 1] For invention according to claim 2, a presentation is following type (1): 
[0012]. 
[Formula 2] 

NdJe^o.^B.V, (1) 

[0013] It is the rare earth magnet alloy according to claim 1 characterized by 
(being the inside of a formula, x=4-10, y=4-7, and z=0-2). 
[0014] Invention according to claim 3 is a rare earth magnet alloy according to 
claim 2 characterized by coming to permute 0.01 - 80atom% of Nd by Pr. 
[0015] Invention according to claim 4 is a rare earth magnet alloy according to 



claim 2 or 3 characterized by coming to permute 0.01 - 10atom% of Nd by Dy or 
Tb. 

[0016] Invention according to claim 5 is a rare earth magnet alloy given in any 1 
term of claims 2-4 characterized by coming to permute 0.01 - 30atom% of Fe by 
Co. 

[0017] Invention according to claim 6 is a rare earth magnet alloy given in any 1 
term of claims 2-5 to which Fe or Co is characterized by coming to permute by 
one or more 0.1 - 3atom% sorts of aluminum, Mo, Zr, Ti, Sn, Cu, Ga, or Nb to a 
total presentation. 

[0018] Invention according to claim 7 is a rare earth magnet alloy given in any 1 
term of claims 1-6 characterized by the magnitude of said hard magnetism phase 
and said software magnetism phase being 60nm or less. 
[0019] Invention according to claim 8 grinds said magnet alloy in magnitude of 25 
micrometers or less, relates to the magnet which carried out magnetic field 
orientation all over the magnetic field of 10kOe, and is following formula (2): 
[0020]. 
[Equation 2] 

[0021] It is a rare earth magnet alloy given in any 1 term of claims 1-7 which 
come out and are characterized by the degree of formation of the different 
direction in 16kOe(s) expressed being 1.1 or more. 

[0022] Invention according to claim 9 is the approach of manufacturing the rare 
earth magnet alloy of a publication in any 1 term of claims 1-8 from a rare earth 
magnet ingot using the strip cast method or a super-quenching method. 
[0023] Invention according to claim 10 is the approach of manufacturing the rare 
earth magnet alloy according to claim 9 characterized by the thickness of the 
crystalline substance alloy thin band manufactured by said strip cast method or 
the super-quenching method being 10-300 micrometers. 
[0024] the phase of invention according to claim 1 1 grinding a rare earth magnet 



alloy given in any 1 term of claims 1-8 below to partial different direction-ized 
area size, and obtaining magnet powder, the phase of fabricating said magnet 
powder among a magnetic field, and obtaining a green compact, and the phase 
of carrying out pressure sintering of said green compact in the discharge plasma, 
and obtaining a bulk magnet since - it is the manufacture approach of the 
becoming anisotropy exchange spring magnet 

[0025] It is the manufacture approach according to claim 1 1 characterized by 
invention according to claim 12 performing grinding of said rare earth magnet 
alloy with a wet ball mill or a dry type ball mill. 

[0026] Invention according to claim 13 is the manufacture approach according to 

claim 11 or 12 that the consistency of said bulk magnet is characterized by being 

95% or more of the true density of said rare earth magnet alloy. 

[0027] Invention according to claim 14 is a motor which comes to prepare for any 

1 term of claims 11-13 the anisotropy exchange spring magnet obtained by the 

manufacture approach of a publication. 

[0028] 

[Effect of the Invention] According to this invention constituted as mentioned 
above, the following effectiveness is done so for every claim. 
[0029] If it is in invention according to claim 1, the anisotropy bulk exchange 
spring magnet which arranged the easy axis with the one direction can be 
manufactured simple. Since it is an anisotropy, an energy product is large, and 
the amount of rare earth metals to be used can be reduced. When the magnet 
which follows, for example, is applied to this invention is applied to the motor of 
an automobile, small and lightweight-ization of a motor can be attained, and it 
can contribute to the improvement in fuel consumption of an .automobile, and 
manufacture cost reduction greatly. Moreover, the magnet excellent in the 
temperature characteristic can be obtained, and when it applies to the part to 
which elevated-temperature endurance is demanded, useful effectiveness is 
shown especially. 

[0030] If it is in invention according to claim 2, magnetic coercive force and 



productivity can be raised by making a presentation into the above-mentioned 
formula (1). 

[0031] If it is in invention according to claim 3, coercive force and square shape 
nature can be raised by permuting a part of Nd by Pr, without producing the fall 
of a residual magnetic flux density. 

[0032] If it is in invention according to claim 4, coercive force and the temperature 
characteristic can be raised by permuting a part of Nd by Dy or Tb, without 
producing the fall of a residual magnetic flux density. 

[0033] If it is in invention according to claim 5, the temperature characteristic and 

flux density can be raised by permuting a part of Fe by Co. 

[0034] If it is in invention according to claim 6, by permuting a part of Fe or Co by 

one or more sorts of aluminum, Mo, Zr, Ti, Sn, Cu, Ga, or Nb, atomization can be 

attained, as a result coercive force increase can be attained. 

[0035] If it is in invention according to claim 7, the further increase of coercive 

force is realizable by setting magnitude of a hard magnetism phase and said 

software magnetism phase to 60nm or less. 

[0036] If it is in invention according to claim 8, the outstanding anisotropy 
exchange spring magnet can be obtained by using the rare earth magnet alloy 
which fills the above-mentioned formula (2). 

[0037] If it is in invention according to claim 9, the rare earth magnet alloy of 
claims 1-8 can be obtained by using the strip cast method or a super-quenching 
method. 

[0038] If it is in invention according to claim 10, it can consider as the alloy thin 
band which has a detailed crystalline substance by preparing a crystalline 
substance alloy thin band so that thickness may be set to 10-300 micrometers. 
[0039] If it is in invention according to claim 11, the bulk exchange spring magnet 
which has an anisotropy is obtained. Moreover, by carrying out pressure sintering 
in the discharge plasma, compaction of heating time and reduction of whenever 
[ stoving temperature ] can be aimed at, and the detailed grain of the crystalline 
substance of an exchange spring magnet is maintained. Therefore, the magnet 



property of the exchange spring magnet obtained becomes what was more 
excellent. 

[0040] If it is in invention according to claim 12, an energy product can be made 
suitable by making the consistency of a bulk magnet into 95% or more of the true 
density of the rare earth magnet alloy which is a raw material. 
[0041] If it is in invention according to claim 13, by considering as the motor 
carrying the exchange spring magnet concerning this invention which has the 
outstanding magnet property, small and lightweight-ization of a motor can be 
attained, and the improvement in fuel consumption of a motor and manufacture 
cost reduction can be attained. Moreover, since it excels in elevated-temperature 
endurance, it has the effectiveness which was excellent on the thermal design. 
[0042] 

[Embodiment of the Invention] First, the magnet alloy concerning this invention is 
explained. 

[0043] The hard phase and software phase of 80nm or less are intermingled, and, 
as for the NdFeB system magnet alloy concerning this invention, magnitude of a 
hard magnetism phase and said software magnetism phase is characterized by 
being 0.1 micrometers or more by the partial different direction-ized area size to 
which the direction of the easy axis of a hard phase is equal. The conceptual 
diagram of the magnet alloy concerning this invention is shown in drawing 1 . An 
arrow head shows the direction of an easy axis, and the particle by which the 
hard phase is not given to the particle to which the arrow head was given to the 
arrow head expresses a software phase. In the actual magnet alloy, it has the 
structure with which the small field (this application is indicated to be also a 
"partial different direction-ized field") which had complete set of direction of the 
easy axis of a hard phase as shown in drawing 1 combined, and if it sees further 
on the scale of the macro which also expanded the partial different direction-ized 
field a little, it has a texture. That is, the field which consists of two or more partial 
different direction-ized fields which have the direction of the formation of the 
different direction of abbreviation identitas is formed. And as the whole alloy, it 



has isotropy. That is, the alloy is making a configuration like the aggregate of the 
partial different direction-ized field which has an anisotropy. In addition, in this 
invention, a magnet alloy does not point out various modes, such as intermediate 
field which carried out coarse grinding of a crystalline substance alloy thin band 
and these, and it is not used especially restrictively. 

[0044] The magnitude and the mixture condition of a hard phase and a software 
phase can be checked using SEM, and the magnitude (it is hereafter indicated 
also as crystalline substance size) of a hard phase and a software phase is 
defined as an overall diameter in that case. Since an exchange interaction will fall 
if too large, crystalline substance size needs to be 80nm or less, and it is 
desirable that it is 60nm or less. Although it is not limited especially concerning 
the lower limit of crystalline substance size and such a strong exchange 
interaction that it is small is obtained, if the productivity slowdown accompanying 
the difficulty of manufacture etc. is taken into consideration, 5nm or more is 
practical. 

[0045] the direction of the easy axis of a hard phase - TEM - finial - it can check 
this application - setting - the direction of an easy axis - **15 - when degree, 
it shall judge "the direction of an easy axis has gathered 1 ' Finally TEM shall also 
perform the check of partial different direction-ized area size, and the field where 
the direction of an easy axis is less than **15 degrees in this application shall be 
defined as a partial different direction-ized area size. The deductive inference 
approach which may judge the superiority or inferiority of a magnet alloy using 
the substitution approach of TEM, for example, is explained in degree paragraph 
may be used. This invention grinds a magnet alloy to the particle below partial 
different direction-ized area size, and gives an anisotropy to an exchange spring 
magnet by using this powder. That is, when a magnet alloy is ground to the 
particle below partial different direction-ized area size, the magnet powder 
generated by grinding serves as a magnet which has an anisotropy. In addition, it 
is considered that it is easy to dissociate in an interface with an adjoining partial 
different direction-ized field on the occasion of grinding. When a magnetic field is 



applied to the magnet powder which has an anisotropy, the magnetic aggregate 
(powdered green compact) has an anisotropy by alignment of magnet powder. 
Partial different direction-ized area size needs to be 0.1 micrometers or more. 
Although it is necessary to perform grinding of a magnet alloy below to partial 
different direction-ized area size, it is because it will become difficult to carry out 
magnetic field orientation if the magnitude of the magnet powder produced by 
grinding is too small. It is not limited, and especially the upper limit of partial 
different direction-ized area size is so desirable that it is large. 
[0046] Next, the rare earth magnet alloy which is a start raw material forms the 
different direction partially, and how to know simple whether the property as a 
magnet alloy of this invention will be fulfilled is described. One is the approach of 
actually manufacturing a bulk magnet and presuming the existence of a partial 
different direction-ized field. Specifically it grinds using a ball mill, a green 
compact is produced with a press among a magnetic field, and it bulk-izes with 
discharge plasma equipment at the temperature of 800 degrees C or less, and 
considers as a magnet. By comparing the magnetization curve in the direction of 
a magnetic field of the press of this bulk magnet among a magnetic field, and a 
direction perpendicular to it, if extent of an anisotropy is investigated and there is 
an anisotropy, it will be the approach it is presumed that had the partial different 
direction-ized field. Another is a simpler approach. Magnet alloys (the rare earth 
alloy thin band produced by the strip cast method, thin band which heat-treated 
the amorphous ribbon and was used as the crystalline substance) are ground to 
25 micrometers or less, an epoxy resin (adhesives) is mixed, it hardens all over 
the magnetic field of 10kOe, and the sample for oscillatory type magnetometers 
(VSM) is produced. The magnetization curve in the direction of a magnetic field 
and a direction perpendicular to it is measured in VSM, and it is following type 
(2): [0047]. 
[Equation 3] 



[0048] It is the approach of coming out and presuming extent of the formation of 
the partial different direction from the ratio (the degree of formation of the 
different direction) of the magnetization in 16kOe(s) expressed. Although it is 
more desirable to grind a magnet alloy more finely, when the ease of the 
handling at the time of making it solidify and the magnitude which grinds by hand 
and can be sifted out using a mortar are taken into consideration, about 25 
micrometers is desirable. 

[0049] Especially the latter approach can demonstrate power in rare earth 
magnet ingredient development. Experientially, when Js1 used 1.1 or more rare 
earth magnet alloys as a start ingredient, outstanding production of an anisotropy 
exchange spring magnet was possible. As for Js1, 1.3 or more are more 
desirable, and 1.5 or more are still more desirable. 

[0050] As a desirable magnet presentation for obtaining an exchange spring 
magnet, it is following formula (1): [0051]. 
[Formula 3] 

NdJe^^^B.V, (1) 

[0052] ************. The hard phase in this presentation is Nd2Fe14B, and that it is 
alpha-Fe has presumed the software phase from measurement of an X 
diffraction and the temperature dependence of magnetization etc. 
[0053] When there are too few amounts of Nd, since reservation of the coercive 
force at the time of manufacturing an exchange spring magnet may become 
difficult, it is desirable that it is more than 4atom%. On the other hand, when 
many [ too ], the rate that a software phase occupies decreases and there is a 
possibility that the magnet property at the time of manufacturing an exchange 
spring magnet may fall. For this reason, it is desirable that it is less than 
[ 10atom% ]. 

[0054] It is good also as a presentation which permuted a part of Nd by Pr, as for 
the amount of permutations in that case, it is desirable that it is 0.01 - 80atom%, 
and it is more desirable that it is 20 - 60atom%. It is because coercive force and 



square shape nature can be raised, without producing most falls of a residual 
magnetic flux density as it is this range. 

[0055] Moreover, it is good also as a presentation which permuted a part of Nd 
by Dy or Tb. As for the amount of permutations in that case, it is desirable that it 
is 0.01 - 10atom%. While being able to raise coercive force, without producing 
the remarkable fall of a residual magnetic flux density as it is this range, it is 
because improvement in the temperature characteristic is also attained. 
[0056] It is good also as a presentation which permuted a part of Fe by Co, as for 
the amount of permutations in that case, it is desirable that it is 0.01 - 30atom%, 
and it is more desirable that it is 5 - 20atom%. In addition to improvement in the 
temperature characteristic, the flux density itself can be raised, without producing 
the fall of coercive force and flux density as it is this range. In addition, the hard 
phase at the time of permuting a part of Fe by Co was set to Nd2 (Fe-Co)14B, 
and that it is Fe-Co has presumed the software phase from measurement of an X 
diffraction and the temperature dependence of magnetization etc. 
[0057] Moreover, Fe or Co (Co which exists as Fe-Co) may be permuted by one 
or more sorts of aluminum, Mo, Zr, Ti, Sn, Cu, little Ga, or little Nb. It is because 
detailed-ization of an organization can be attained and coercive force increase 
can be attained by making these elements contain. However, if contained too 
much, magnetic properties will become the cause of falling conversely. As for the 
amount of elements permuted from this viewpoint, it is desirable that it is 0.1 - 
3atom% to a total presentation. 

[0058] When there are too few amounts of B, there is a possibility that 
manufacture of the magnet alloy concerning this invention may become difficult, 
and it is desirable that it is more than 4atom%. On the other hand, when many 
[ too ], there is a possibility that other phases which carry out induction of the fall 
of magnet properties other than Nd2Fe14B, Nd2(Fe-Co) 14B, alpha-Fe, and 
alpha- (Fe-Co) may be made. For this reason, it is desirable that it is less than 
[ 7atom% ]. 

[0059] Although V may be added from a viewpoint which aims at detailed-izing of 



a crystalline substance, and coercive force increase, addition is not 
indispensable and it is not necessary to add it. However, since magnetic 
properties will become the cause of falling conversely if it adds too much, it is 
desirable that it is less than [ 2atom% ]. 

[0060] In addition, although mixing of the impurity of a minute amount is 
unavoidable since the magnet concerning this invention is an alloy ingredient, the 
amount of impurities is so desirable that it is little, and it is suitable that it is below 
1 mass %. 

[0061] Manufacture of the magnet alloy concerning this invention adjusts and 
blends each metallic element so that it may become a desired presentation first, 
and it produces a dissolution ingot with well-known means, such as the RF 
induction dissolution, the inside of a vacuum, and under argon atmosphere. By 
giving this quenching methods, such as the strip cast method, the rare earth 
magnet alloy (alloy thin band) concerning this invention can be obtained. The 
strip cast method can be performed using well-known equipment, and does not 
need to add special amelioration especially. However, amelioration is not 
eliminated. A rare earth alloy thin band can also be obtained using a super- 
quenching method. Also in this case, it can prepare using a well-known means, 
and it can specifically super-quench, an amorphous ribbon can be produced, and 
it can be obtained by crystallizing at the temperature of 800 degrees C or less. 
Although it is necessary to set up manufacture conditions suitably according to 
the class of the equipment to be used or alloy and is not decided uniquely, 
especially when preparing the magnet alloy concerning this invention, it is 
necessary to care about a cooling rate. Eiven if a cooling rate is too early (an 
alloy thin band becomes thin) and it is too late (an alloy thin band becomes thick), 
there is a possibility that big-and-rough-i;:ing of crystalline substance size and the 
homogeneity of an alloy thin band may be spoiled. It is appropriate for a cooling 
rate to prepare so that there may be thickness of the amorphous ribbon obtained 
by the alloy thin band or the super-quenching method acquired by the strip cast 
method and close relation and the thickness of the alloy thin band obtained may 



be set to 10-300 micrometers. As the adjustment approach of a rare earth 
magnet alloy of having a detailed crystalline substance concerning this invention, 
although the strip cast method and the super-quenching method were explained, 
of course, you may prepare by the preparation approach of the rare earth magnet 
alloy of this invention producing these powder that is not limited and contains the 
amorphous section by approaches, such as gas atomization, and heat-treating it 
[0062] By these approaches, the crystalline substance alloy thin band which has 
the crystalline substance size of 80nm or less can be obtained. Moreover, 
although it is an isotropic thin band when it observes in macro, a partial different 
direction-ized field 0.1 micrometers or more can be formed. 
[0063] It is one side face of invention that the rare earth magnet alloy concerning 
this invention is a crystalline substance. Although differential thermal analysis 
(DTA) was also performed, the clear exothermic peak was not seen. 
[0064] In order to improve the property of the obtained magnet alloy, it is also 
possible to perform hydrogen processing indicated below. First, a magnet alloy is 
held in the hydrogen air current of 0.1 to 1 atmospheric pressure for 30 minutes 
to 2 hours. You may realize by considering as the mixture of gas with inert gas, 
such as an argon, and adjustment of a hydrogen partial pressure may be realized 
by decompressing with a vacuum pump. When retention temperature is too low, 
it has a possibility that hydrogen processing may not function effectively, and 
when too high, it has a possibility that crystal grain may make it big and rough. 
This viewpoint to retention temperature has desirable 750-900 degrees C. If 
retention temperature is the above-mentioned range, it will not be limited 
especially and will not eliminate being within the limits and making it above- 
mentioned change. 

[0065] Next, with the retention temperature of 750-900 degrees C maintained, a 
hydrogen partial pressure is set to 1 or less torr, and is held further for 30 
minutes to 1 hour. Then, it cools promptly to a room temperature, keeping a 
hydrogen partial pressure at 1 or less torr. At this time, if a cooling rate is too 
slow, hydrogen will be absorbed, and there is a possibility that bad influences 



(fall of an anisotropy etc.) may attain to magnetic properties. For this reason, it is 
desirable to carry out over 30 minutes - 1 hour. 

[0066] Such a series of hydrogen processings can raise the anisotropy of the 
magnet obtained. Moreover, it can reform so that it can grind easily, and the 
productivity of a grinding activity can be raised. In addition, the equipment which 
can be used for hydrogen processing will not be limited especially if processing 
under the above-mentioned conditions can be performed. 
[0067] Then, the manufacture approach of the anisotropy exchange spring 
magnet using the magnet alloy mentioned above is explained. 
[0068] First, the rare earth magnet alloy concerning this invention is ground 
below to partial different direction-ized area size (generally it is suitable to grind 
even to less than 1 -micrometer extent). For example, when partial different 
direction-ized area size is 0.5 micrometers, it is good to grind to a particle 0.5 
micrometers or less. There is evil in which oxidation resistance is inferior, so that 
it will become difficult to carry out magnetic field orientation and it will become 
fines, if too small, although not limited especially about the lower limit of the 
magnitude to grind. For this reason, as for extent of atomization, it is desirable 
that it is 0.1 micrometers or more. In addition, as What has made amorphous a 
part of powder in a milled condition is presumed from magnetic measurement, an 
X diffraction, etc. 

[0069] Although various grinders can be used for grinding and a ball mill, a sand 
mill, a vibration mill, a jet mill, a pin mill, etc. are mentioned, from a viewpoint of 
submicron grinding, a ball mill is desirable. Although wet or dry type is sufficient 
as a ball mill, in order to prevent degradation of the magnetic properties by 
oxidation of magnet powder, it is desirable to carry out under the ambient 
atmosphere (under argon atmosphere and nitrogen-gas-atmosphere mind etc.) 
of a non-oxidizing quality. A cyclohexane etc. can be used for a wet ball mill. 
Moreover, in order to control condensation of the ground powder, it is necessary 
to use a dispersant. A dispersant can do the suitable effectiveness also for 
magnetic field orientation. As a dispersant, a succinic acid can be used with wet 



and stearin acid can be used by dry type. 

[0070] Next, a green compact is obtained by carrying out magnetic field 
orientation of the obtained magnet powder, that to which especially the 
equipment used for magnetic field orientation and a press is limited » it is not - 
various kinds - a well-known means can be used. For example, pressing can be 
carried out where the direction of an easy axis is arranged by magnetic field 
impression. 1-5t /of welding pressure of 15 - 25kOe extent is suitable for 2 and 
the magnetic field to impress cm. It is suitable from the point of the ease of an 
activity to carry out discharge plasma sintering, producing a green compact using 
the mold of the discharge plasma sintering equipment explained below, being in 
a condition [ having fitted in a mold ], being carried by equipment the whole mold, 
and putting a pressure. 

[0071] By carrying out pressure sintering of the obtained green compact in the 
discharge plasma, the bulk-ized anisotropy exchange spring magnet is obtained. 
Using discharge plasma pressure sintering, by sintering at low temperature 
comparatively, big and rough-ization of crystalline substance size should be 
controlled, and the property of the magnet obtained should be excelled. 
Discharge plasma pressure sintering is Model by the Izumi tech company. It can 
carry out using the equipment of marketing, such as SPS-2040, and you may 
improve suitably according to the magnet and production line to manufacture. 
[0072] The temperature of discharge plasma pressure sintering has a possibility 
that switched connection may become weak while crystalline substance size will 
make it big and rough and magnetic coercive force will decline, if too high. For 
this reason, it is desirable to carry out below 800 degrees C, and 700 degrees C 
or less are more desirable. On the other hand, since there is a possibility that 
eburnation may become inadequate when too low, it is desirable that it is 600 
degrees C or more. In addition, the magnitude of switched connection can be 
recognized in the magnitude of springback. As for pressure sintering, it is 
desirable to carry out under reduced pressure using a rotary pump etc., and 15 - 
25 K/min extent is suitable for the programming rate to processing temperature. 



Although it is necessary to change the processing holding time suitably according 
to the equipment to be used, temperature, the magnitude of a green compact, etc. 
and a definition cannot be given uniquely, 0 - 5min extent is common. Furnace 
cooling is carried out after sintering at processing temperature. 10-30 K/min 
extent is suitable for a temperature fall rate. About [ 1-1 Ot //cm ] two are suitable 
for welding pressure. It ****, and crystalline substance size may make discharge 
plasma pressure sintering big and rough, and you may separate from it from the 
above-mentioned conditions in extent in which the property of an anisotropy 
exchange spring magnet does not deteriorate. In addition, when discharge 
plasma pressure sintering is used, the low bulk magnet of an oxygen density can 
be manufactured and improvement in a magnet property can be aimed at. 
[0073] The bulk-ized magnet obtained by the above-mentioned approach shows 
a springback phenomenon in the 2nd and 3rd quadrant of a magnetization curve 
regardless of how of the grinding approach. This is because the rare earth 
magnet alloy with which the hard phase and the software phase are minutely 
intermingled in the magnitude of 60-80nm or less as a raw material, respectively 
was used. 

[0074] As for the consistency of the bulk magnet obtained, it is desirable that it is 
close to the true density of the rare earth magnet alloy which is a raw material 
from a viewpoint which raises an energy product, and it is desirable to specifically 
consider as 95% or more of true density. 

[0075] The exchange spring magnet manufactured by the approach of this 
invention shows the effectiveness which was excellent especially when the 
temperature characteristic which can attain a miniaturization had the property of 
it excelling and being hard to demagnetize and applied to the object for electric 
vehicles, and the drive motor for HEV, since magnet flux was large compared 
with the conventional Nd-Fe-B sintered magnet. Compared with a Nd-Fe-B 
sintered magnet, the reason nil why magnet flux is large is because the 
exchange spring magnet contains the software phase so much. As a reason the 
temperature characteristic is excellent, it thinks because coercive force devices 



differ. It seems that namely, temperature stability is increasing since the 
crystalline substance size of a hard phase is small and serves as a coercive 
force device near a pinning mold. 
[0076] 

[Example] Next, although an example is given and this invention is explained 
concretely, this invention is not limited to these. 

[0077] Using the preparation super-quenching equipment of a <example 1> 1. 
alloy thin band, the amorphous ribbon with a width of face [ of 3mm ] and a 
thickness of 30 micrometers was produced from the alloy ingot whose 
presentation is Nd10Fe84 B6, and the alloy thin band was obtained by heat- 
treating to this. The conditions of super-quenching were made into roll peripheral- 
velocity 20 m/sec, and heat treatment conditions were set to 650 degree-CxSmin 
in a vacuum. 

[0078] When the cutting plane of the obtained alloy thin band was observed by 
SEM f the hard phase and the software phase were intermingled in the alloy thin 
band, and the hard phase was [ 70nm or less and the software phase of each 
magnitude ] 70nm or less. Moreover, the partial different direction-ized area size 
investigated by TEM observation was 0.3-1.0 micrometers. 
[0079] Decision of the superiority or inferiority of this alloy thin band prepared the 
VSM sample according to the following approaches, and it judged the case 
where Js1 is 1 .1 or more "excels." This takes into consideration the point that the 
anisotropy bulk exchange spring magnet which was excellent when Js1 used the 
ingredient which is 1.1 or more can be prepared. 

[0080] 2. The VSM sample was obtained by grinding the obtained alloy thin band 
to a particle with a diameter of 25 micrometers or less using preparation of a 
VSM sample, and the Js1 evaluation approach mortar, and fixing powder with an 
epoxy resin all over the magnetic field of 10kOe. It was 1 .7 when Js1 which 
measures the magnetization curve of a direction parallel to a magnetic field and 
the magnetization curve of a direction perpendicular to a magnetic field, and is 
expressed with the above-mentioned formula (1) was evaluated using the 



oscillatory type magnetometer (VSM[ by Toei Industry, Inc. ]-5 -15 mold) of 
maximum magnetic field 16kOe. A result is shown in Table 1. 
[0081] The alloy thin band was obtained like the example 1 except having made 
the presentation of a <example 2> alloy ingot into Nd8Fe86 B6, and having made 
the conditions of super-quenching into roll peripheral-velocity 25 m/sec. When 
the cutting plane of the obtained alloy thin band was observed by SEM, the hard 
phase and the software phase were intermingled in the alloy thin band, and the 
hard phase was [ 80nm or less and the software phase of each magnitude ] 
80nm or less. Moreover, the partial different direction-ized area size investigated 
by TEM observation was 0.2-0.6 micrometers. It was 1.55, when the VSM 
sample was created by the same approach as an example 1 and Js1 was 
evaluated. Moreover, coercive force was 5.8kOe(s). A result is shown in Table 1. 
[0082] The alloy thin band was obtained like the example 1 except having made 
the presentation of a <example 3> alloy ingot into Nd6Fe88 B6, and having made 
the conditions of super-quenching into roll peripheral-velocity 30 m/sec. When 
the cutting plane of the obtained alloy thin band was observed by SEM, the hard 
phase and the software phase were intermingled in the alloy thin band, and the 
hard phase was [ 80nm or less and the software phase of each magnitude ] 
80nm or less. Moreover, the partial different direction-ized area size investigated 
by TEM observation was 0.1-0.5 micrometers. It was 1.4, when the VSM sample 
was created by the same approach as an example 1 and Js1 was evaluated. A 
result is shown in Table 1. 

[0083] The alloy thin band was obtained like the example 1 except having made 
the presentation of a <example 4> alloy ingot into Nd4Fe90 B6, and having made 
the conditions of super-quenching into roll peripheral-velocity 40 m/sec. When 
the cutting plane of the obtained alloy thin band was observed by SEM, the hard 
phase and the software phase were intermingled in the alloy thin band, and the 
hard phase was [ 80nm or less and the software phase of each magnitude ] 
80nm or less. Moreover, the partial different direction-ized area size investigated 
by TEM observation was 0.1-0.4 micrometers. It was 1.35, when the VSM 



sample was created by the same approach as an example 1 and Js1 was 
evaluated. A result is shown in Table 1. 

[0084] The alloy thin band was obtained like the example 2 except having 
adopted the same super-quenching conditions as the <example 1 of 
comparison> example 1. When the cutting plane of the obtained alloy thin band 
was observed by SEM, the hard phase and the software phase were 
intermingled in the alloy thin band, and the hard phase was [ 100nm or less and 
the software phase of each magnitude ] 100nm or less. Moreover, although 
observed by TEM, the partial different direction-ized field was not able to be 
checked. It was 1.05, when the VSM sample was created by the same approach 
as an example 1 and Js1 was evaluated. A result is shown in Table 1. 
[0085] 
[Table 1] 





WS. (atoa%) 


(nm) 


(nm) 




Js, 


m&mi 


Nd|jFe 14 B, 


40-70 


40-70 


0.3-1.0 


1.7 






40-80 


40-80 


0.2-0.6 


1.65 




Nd a F e 85 B e 


40-80 


40-80 


0.1-0.5 


1.4 




Nd 4 Fe 90 B« 


50-80 


50-80 


0.1-0.4 


1.35 




Nd,Fe 8 ,B, 


60-100 


60-100 




1.05 



[0086] It was shown that the alloy thin band applied to this invention as shown in 
Table 1 is excellent as an anisotropy exchange spring magnet ingredient. 
[0087] The alloy thin band was obtained like the example 2 except having set the 
presentation of a <example 5> alloy ingot to Nd8Fe 85B7. When the cutting 
plane of the obtained alloy thin band was observed by SEM, the hard phase and 
the software phase were intermingled in the alloy thin band, and the hard phase 
was [ 80nm or less and the software phase of each magnitude ] 80nm or less. 
Moreover, the partial different direction-ized area size investigated by TEM 
observation was 0.2-0.6 micrometers. It was 1 .6, when the VSM sample was 
created by the same approach as an example 1 and Js1 was evaluated. 
Coercive force was 5.8kOe(s). A result is shown in Table 2. 



[0088] The alloy thin band was obtained like the example 2 except having made 
the presentation of a <example 6> alloy ingot into Nd8Fe85 B6 V1 . When the 
cutting plane of the obtained alloy thin band was observed by SEM, the hard 
phase and the software phase were intermingled in the alloy thin band, and the 
hard phase was [ 40nm or less and the software phase of each magnitude ] 
40nm or less. Moreover, the partial different direction-ized area size investigated 
by TEM observation was 0.2-0.6 micrometers. It was 1.6, when the VSM sample 
was created by the same approach as an example 1 and Js1 was evaluated. 
Coercive force was 9.8kOe(s). A result is shown in Table 2. 
The alloy thin band was obtained like the example 2 except having made the 
presentation of a <example 7> alloy ingot into Nd8Fe88 B4. When the cutting 
plane of the obtained alloy thin band was observed by SEM, the hard phase and 
the software phase were intermingled in the alloy thin band, and the hard phase 
was [ 40nm or less and the software phase of each magnitude ] 40nm or less. 
Moreover, the partial different direction-ized area size investigated by TEM 
observation was 0.2-0.6 micrometers. It was 1.55, when the VSM sample was 
created by the same approach as an example 1 and Js1 was evaluated. 
Coercive force was 3.4kOe(s). A result is shown in Table 2. 
[0089] The alloy thin band was obtained like the example 2 except having made 
the presentation of a <example 8> alloy ingot into Nd8Fe86 B4 V2. When the 
cutting plane of the obtained alloy thin band was observed by SEM, the hard 
phase and the software phase were intermingled in the alloy thin band, and the 
hard phase was [ 40nm or less and the software phase of each magnitude ] 
40nm or less. Moreover, the partial different direction-ized area size investigated 
by TEM observation was 0.2-0.6 micrometers. It was 1.6, when the VSM sample 
was created by the same approach as an example 1 and Js1 was evaluated. 
Coercive force was 4.3kOe(s). A result is shown in Table 2. 
[0090] The alloy thin band was obtained like the example 2 except having set the 
presentation of the <example 2 of comparison> alloy ingot to Nd8Fe 89B3. When 
the cutting plane of the obtained alloy thin band was observed by SEM, the hard 



phase and the software phase were intermingled in the alloy thin band, and the 
hard phase was [ 80nm or less and the software phase of each magnitude ] 
80nm or less. Moreover, although observed by TEM, the partial different 
direction-ized field was not able to be checked. It was 1 .05, when the VSM 
sample was created by the same approach as an example 1 and Js1 was 
evaluated. A result is shown in Table 2. 
[0091] 



[Table 2] 
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Nd g F e g| B g 


40-80 


40-80 


0.2-0.6 


1.55 




Nd $ Fe 8 gB 7 


40-80 


40-80 


0.2-0.6 


1.6 


HSB9J6 


NdgFeggBgV, 


15-40 


15-40 


0.2-0.6 


1.6 




Nd,Fea,B 4 


15-40 


113-40 


0.2-0.6 


1.55 


■mm 


NdgFeg,B«Vg 


15-40 


115-40 


0.2-0.6 


1.6 


mm 


Nd.FeggBg 


40-80 


4>>-80 




1.05 



[0092] It was shown that the alloy thin band applied to this invention as shown in 
Table 2 is excellent as an anisotropy exchange spring magnet ingredient. 
Moreover, it was shown by by adding Ti, V, Zr, and Nb that effectiveness is in the 
improvement in coercive force. In addition, although it was going to prepare the 
sample which made boron concentration 8atom(s)%, the phenomenon in which a 
deposit of B compound is thought was discovered. 
[0093] The presentation of a <example 9> alloy ingot was made into 
Nd9Fe76Co8 B6 V1, and the alloy thin band was prepared by the strip cast 
method. The conditions of the strip cast method set the cooling rate to about 900 
degrees C which is the temperature to solidify to about 2500 degrees C/sec. 
When the cutting plane of the obtained alloy thin band was observed by SEM, 
the hard phase and the software phase were intermingled in the alloy thin band, 
and the hard phase was [ 40nm or less and the software phase of each 
magnitude ] 40nm or less. Moreover, the partial different direction-ized area size 
investigated by TEM observation was 0.3-0.8 micrometers. It was 1.7, when the 



VSM sample was created by the same approach as an example 1 and Js1 was 
evaluated. A result is shown in Table 3. 

[0094] The alloy thin band was obtained like the example 9 except having made 
the presentation of a <example 10> alloy ingot into Nd10Fe75Co8 B6 V1, and 
having set the conditions of the strip cast to the cooling rate of about 2200 
degrees C / sec. When the cutting plane of the obtained alloy thin band was 
observed by SEM, the hard phase and the software phase were intermingled in 
the alloy thin band, and the hard phase was [ 40nm or less and the software 
phase of each magnitude ] 40nm or less. Moreover, the partial different direction- 
ized area size investigated by TEM observation was 0.3-1.0 micrometers. It was 
1.8, when the VSM sample was created by the same approach as an example 1 
and Js1 was evaluated. A result is shown in Table 3. 

[0095] The alloy thin band was obtained like the example 9 except having made 
the presentation of a <example 11 > alloy ingot into Nd7Fe78Co8 B6 V1, and 
having set the conditions of the strip cast to the cooling rate of about 3000 
degrees C / sec. When the cutting plane of the obtained alloy thin band was 
observed by SEM, the hard phase and the software phase were intermingled in 
the alloy thin band, and the hard phase was [ 50nm or less and the software 
phase of each magnitude ] 50nm or less. Moreover, the partial different direction- 
ized area size investigated by TEM observation was 0.2-0.6 micrometers. It was 
1.6, when the VSM sample was created by the same approach as an example 1 
and Js1 was evaluated. A result is shown in Table 3. 

[0096] The alloy thin band was obtained like the example 9 except having made 
the presentation of a <example 12> alloy ingot into Nd6Fe79Co8 B6 V1, and 
having set the conditions of the strip cast to the cooling rate of about 4000 
degrees C / sec. When the cutting plane of the obtained alloy thin band was 
observed by SEM, the hard phase and the software phase were intermingled in 
the alloy thin band, and the hard phase was [ 50nm or less and the software 
phase of each magnitude ] 50nm or less. Moreover, the partial different direction- 
ized area size investigated by TEM observation was 0.1-0.5 micrometers. It was 



1 .5, when the VSM sample was created by the same approach as an example 1 
and Js1 was evaluated. A result is shown in Table 3. 

[0097] The alloy thin band was obtained like the example 9 except having made 
the presentation of a <example 13> alloy ingot into Nd4Fe81Co8 B6 V1, and 
having set the conditions of the strip cast to the cooling rate of about 5000 • 
degrees C / sec. When the cutting plane of the obtained alloy thin band was 
observed by SEM, the hard phase and the software phase were intermingled in 
the alloy thin band, and the hard phase was [ 60nm or less and the software 
phase of each magnitude ] 60nm or less. Moreover, the partial different direction- 
ized area size investigated by TEM observation was 0.1-0.5 micrometers. It was 
1.45, when the VSM sample was created by the same approach as an example 1 
and Js1 was evaluated. A result is shown in Table 3. 

[0098] The alloy thin band was obtained like the example 9 except having made 
the presentation of the <example 3 of cornparison> alloy ingot into Nd6Fe79Co8 
B6 V1. When the cutting plane of the obtained alloy thin band was observed by 
SEM, the hard phase and the software phase were intermingled in the alloy thin 
band, and the hard phase was [ 200nm or less and the software phase of each 
magnitude ] 200nm or less. Moreover, although observed by TEM, the partial 
different direction-ized field was not able to be checked. It was 1.05, when the 
VSM sample was created by the same approach as an example 1 and Js1 was 
evaluated. A result is shown in Table 3. 
[0099] 



[Table 3] 
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Nd,Fe„Co,B,V l 


15-40 


15-40 


0.3-0.8 


1.7 


nnmio 


Nd 10 Fe T jCo 8 B 8 Vi 


15-40 


16-40 


0.3-1.0 


1.8 


mmu 


Nd 7 Fe T8 Co 8 B 8 V, 


25-60 


26-60 


0.2-0.6 


1.6 




Nd 8 Fe 7S Co 8 B 8 V, 


30-50 


30-50 


0.1-0.6 


1.6 




Nd 4 Fe 81 Co a B t V, 


40-60 


40-60 


0.1-0.5 


1.45 




Nd.FenCOjB^i 


100-200 


100-200 




1.05 



[0100] It was shown that the alloy thin band applied to this invention as shown in 
Table 3 is excellent as an anisotropy exchange spring magnet ingredient. 
Moreover, the inclination for crystalline substance size to become large was 
shown, so that there were few amounts ov Nd(s). 

[0101] The alloy thin band was obtained like the example 1 except having made 
the presentation of a <example 14> alloy ingot into Nd7Fe78Co8 B6 V1, and 
having made the conditions of super-quenching into roll peripheral-velocity 30 
m/sec. When the cutting plane of the obtained alloy thin band was observed by 
SEM, the hard phase and the software phase were intermingled in the alloy thin 
band, and the hard phase was [ 50nm or less and the software phase of each 
magnitude ] 50nm or less. Moreover, the partial different direction-ized area size 
investigated by TEM observation was 0.2-0.6 micrometers. It was 1.6, when the 
VSM sample was created by the same approach as an example 1 and Js1 was 
evaluated. A result is shown in Table 4. 

[0102] The alloy thin band was obtained like the example 1 except having made 
the presentation of a <example 15> alloy ingot into Nd6Fe79Co8 B6 V1, and 
having made the conditions of super-quenching into roll peripheral-velocity 40 
m/sec. When the cutting plane of the obtained alloy thin band was observed by 
SEM, the hard phase and the software phase were intermingled in the alloy thin 
band, and the hard phase was [ 50nm or less and the software phase of each 
magnitude ] 50nm or less. Moreover, the partial different direction-ized area size 
investigated by TEM observation was 0.1-0.5 micrometers. It was 1 .5, when the 
VSM sample was created by the same approach as an example 1 and Js1 was 
evaluated. A result is shown in Table 4. 

[0103] The alloy thin band was obtained like the example 14 except having made 
the presentation of the <example 4 of comparison> alloy ingot into Nd6Fe79Co8 
B6 V1. When the cutting plane of the obtained alloy thin band was observed by 
SEM, the hard phase and the software phase were intermingled in the alloy thin 
band, and the hard phase was [ 100nm or less and the software phase of each 
magnitude ] 100nm or less. Moreover, although observed by TEM, the partial 



different direction-ized field was not able to be checked. It was 1 .05, when the 
VSM sample was created by the same approach as an example 1 and Js1 was 
evaluated. A result is shown in Table 4. 
[0104] 



[Table 4] 
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Nd 7 Fe T ,Co,B,V, 


25-50 


25-50 


0.2-0.6 


1.6 
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0.1-0.5 


1.5 
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Nd,Fe 70 Co,B,V t 


60-100 


60-100 
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[0105] It was shown that the alloy thin band applied to this invention as shown in 
Table 4 is excellent as an anisotropy exchange spring magnet ingredient. 
[0106] The wet ball mill (the bottom of Ar ambient atmosphere, cyclohexane) 
ground the alloy thin band obtained by the approach given in the <example 16> 
example 9. Polybutenyl succinimid tetraethylenepentamine (molecular weight 
1300) was used as a dispersant. This dispersant was a thing containing some 
mineral oil. When the magnitude of the powder after grinding is checked by SEM, 
it is less than 1 micrometer, and the particle 1 micrometers or more was not able 
to be checked. Orientation of this powder was carried out all over the magnetic 
field of 20kOe(s), 2t /was pressurized by 2 cm, and the green compact was 
obtained. 

[0107] Discharge plasma sintering of this green compact was carried out for 3 
minutes using discharge plasma sintering equipment (the Izumi tech incorporated 
company make; ModelSPS-2040) by welding-pressure 2 and 650 degrees C of 
ambient temperature of 9t/cm, and the bulk exchange spring magnet was 
obtained. Nonmagnetic WC mold was used for the mold and sintering was 
performed under reduced pressure by the rotary pump. Moreover, the 
programming rate was made into 20 K/min. The configuration of the obtained 
bulk exchange spring magnet is 10mmx10mmx7mm, and the magnetic 
consistency had reached true density. When TEM observation of the magnet is 



carried out, crystalline substance size is 15-40nm, and it has checked that the 
sense of a hard phase had gathered from the diffraction pattern of an electron 
ray. Moreover, when SEM observation of a magnetic cross section was tried, the 
organization gestalt to the extent that discernment of the original powder 
appearance can hardly be performed was made. 

[0108] The magnetization curve of the obtained bulk exchange spring magnet 
was measured with BH (direct current) marker of maximum impression magnetic 
field 20kOe. The following type (3) : [0109] 
[Equation 4] 

JSa 2 0kOet^W'*i8»ail^fRllK>fb K ' 

[0110] When it comes out and Js2 expressed is evaluated, it is 1.8, and the 
anisotropy was improving rather than the alloy thin band of an example 9 by bulk- 
ization by discharge plasma equipment. Moreover, it was 25MGOe when the 
energy product was computed from the magnetization curve. A result is shown in 
Table 5. 

[0111] The bulk exchange spring magnet was obtained like the example 16 
except having set 8t /of welding pressure at the time of <example 17> sintering to 
2 cm. The magnetic consistency was 95% of true density. When Js2 was 
evaluated, it was 1 .8 and the energy products were 20MGOe(s). A result is 
shown in Table 5. 

[0112] The bulk exchange spring magnet was obtained like the example 16 
except having set 7t /of welding pressure at the time of <example 18> sintering to 
2 cm. The magnetic consistency was 90% of true density. When Js2 was 
evaluated, it was 1 .8 and the energy products were 18MGOe(s). A result is 
shown in Table 5. 

[01 13] The bulk exchange spring magnet was obtained like the example 16 
except having made temperature at the time of <example 19> sintering into 810 
degrees C. The magnetic consistency had reached true density, Js2 was 1.5 and 
the energy products were 15MGOe(s). A result is shown in Table 5. 



[0114] 



[Table 5] 
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(KQOe) 




NdgFeTjCogBgVt 


1.8 


25 


mmmn 


Nd„Fe 7e CogB,V, 


1.8 


20 


^JS#J18 


Nd,Fe Te Co g B 8 V L 


1.8 


18 




Nd,Fe 78 Co e B,V, 


1.5 


15 



[01 15] Coercive force was all the value of 7.0kOe extent in the examples 16, 17, 
and 18, and was 5.0kOe(s) in the example 18. As shown in Table 5, it was 
suggested that it is desirable to carry out 95% or more of true density as for a 
magnet consistency, and the sintering temperature in discharge plasma 
equipment has desirable 800 degrees C or more. 

[0116] The exchange spring magnet of the <example 20> example 16 was 
applied to the surface magnet mold motor (stator 12 pole, Rota 8 pole). Drawing 
2 is 1/4 sectional view of the surface magnet mold motor of the applied 
concentrated winding. As for an outside, the aluminum case 11 and its inside are 
stators (the bore of 52mm, the outer diameter of 108mm; layered product of a 
magnetic steel sheet) 12, and, for 1-2, u phase and 3-4 are [ v phase and 5-6 ] w 
phase windings. Moreover, the stator 12 was made into the layered product of a 
magnetic steel sheet. The magnet 13 of a configuration which is illustrated has 
been arranged on Rota iron 14. In addition, the diameter of the outermost of Rota 
set to 50.7mm, and a stator and the product thickness of Rota were 79.8mm. 
[01 17] The engine performance of a motor was 2kW of maximum rating, and 160 
degrees C of heat-resistant limitations. The coercive force of this magnet was 
7.2kOe(s). On the other hand, when the conventional NdFeB sintered magnet is 
used, it is necessary to use the magnet more than coercive force 19.8kOe extent 
for securing equivalent thermal resistance. That is, when the magnet of this 
invention was applied to a motor, discovering the property which was excellent in 
the thermal design was shown. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram of the magnet alloy concerning this 
invention. 

[Drawing 2] It is 1/4 sectional view of the surface magnet mold motor of a 
concentrated winding by which the exchange spring magnet of this invention was 
applied. 

[Description of Notations] 
11 Aluminum Case 
12Stator 

13 Magnet 

14 Rota Iron 

15 Shaft 
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[ 0 0 6 6 ] J: ? =5r-j*w***PI{: J: 9 , f#£>ft 
SHffi<0S3rtt£i«W>s;:fc#T'§S. 4£, 
IK'S Sid fcaiTCS . $»mto££tt£ilbftl>C 

U , JiSE*ttOT-W)«Hlt * U 5 4 i O-eafifcfltK 

c o o 6 7 ] m^x. jd*LfcKeaa*fflvvfc«5ftt 
X8u r u yxm^m^um^^x wmti . 

[ 0 0 6 8 ] 41* . *J#Ji£fc4*±»HPB£&*»# 
SCfc *»HRW(cttff»Cft & ) izm+h . Mi <f , 
0. SfxmWF^Wf^mthb^W ffiftt4*£ 

ftflffii'fkWSKtt 0 . 1 mm±T'S) SCfc*W4 L 
V\ as m i 1 1 e dMVCW^fi-gBT* 

[0069] »»Cli#«l»l«)»SrfflV^ft 1 1 iPC* , 

xlx ^*«, «c»*<z>bki:ic J: & atai#tt^k*i» 
fctt 7 n^df-t y& f£JH^4 .1 fc 4 . 4 . 

oh. ftwmtixit. w&xniwmk* mxn 

[ 0 0 7 0 ] flfc»B«3|5ta»iWl-f *i kfc 

n*£ «itr, mmMzXixmtm 
mm mtt^mxaas^mi-h z t 4 . jdje 

Ml-5h>/cm!. EfflnrrS»Wil5-2 5k 

o e esswasT-ft I. . ffiftWiHTtetHW- 4ftmr 

^XvfljfiSffl^Steffl^TfHRU SfcJR4«?fc44 

co®mx\ mztmwizmim. mnztimKtfhim, 
Tyx-vmsth ztmmcom^itco^hmmx 

too7u ®btitzmtfo*im? , 7Xv*x'toEffi. 



mr^mtt ztizx ~>xtn&m4 xcowzitm 

fflX'Z , ft htihWfinW&kmift l><7)t?hZktf 

x-%h. mmTyx^MjBmm x$t v ?wsm o 

del SPS-2 0 4 0ft£<0TlJlKOgfi£ffltvCfT 

act , mtriWB*&mj4 yizmtxm's. 
[0072] imTjxvwBmn&mt. 
sc. sajus^sK^ijswt^jbs. ;^ft, so 

orOTTffo £ t * { »4 k< . 7 0 0» 
bhtzfr. eooxivitxbhzttiWtLw 

x®E.Tx"ffozttfmi<. wm&tX'co&mL 
mti 5-2 5K/m i naK^aflrc**. 

mrntism. m.. mmttzztcwzm 
txw&g&thxmtfh o -mmztejmxz ^ 

*«, 0-5 mi ng*#HRW?*4. JSiaUSfcT* 
tSft. RfiaUSUl 0-3 OK/m i nSS 

SPflE7J{il-l 0 by/cm2gJS*i® 

<kl%\,<mmzisuxi±±M&kftfrt>9\-tiXt> iu. ^ 
[0073] iJe^rSt J: oT»4>fL4^/l/^ftBffi 

(cfev^xruy^A-y^Ji^Sr^-ftot^i.. cn 
ttWRk UA-h'flty? hfttf*tL*tL6 0-8 0 

[0074] H^4y^^affi«*Ktt, X*/MF- 
KfcifiV^ t *>*»4 L < , mmzii 9 5 %&±<7)M® 

[0075] *wn<r>m$z ^xw&ztitzmxr 
v >rwa\$, m%cr) n d - f e - Bm&wsizit^x 
way 5 «y iw/j«flawi« . ise^tt 

N d - F e - B imWElZitKX ,15777? 

B.lz-£A,X^&KisbX'bl. i&fcm&tfWdi&m&t i 

xn. &miiwmi)m%&t:ibt%it>tih. hp^, ^ 
- mtMMtw xtf^z < , t°>- v?mz&\ \& 
mt>nmt%^x^&tz#>, m.&m&mLx^&x 
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[0076] 

immm] mz. ^m^^x^mm^mfxm^ 

[oo77] <mmm 1 > 
i . %m *§cr>mm 

mM.®%E$:m^X . d , o F e g , B 6 T'£>I>£ 

&jyly h*><o*S3mm. /f£ 3 0v mCDTW? r 

x 'j xyzimi. ztiizmmmmtziizx^xit 
£Mw£mtz. mM-ft^mtv-ti-fflm^ om/ s 

ecit, ^I3mja£4>6 5 0'CX5mi nkL 
[0078] ®L>iXt:'&&M%<MmmZ S E MT'f^ 

tfck <r-!>. £&mmwzw\- mt v 7 h«t tm 

«U m^l^*£$ti^-Fffl#7 0nmWT\ V 

[0079] C^&if^f£^«lTte. OTiO^ffi 
tUc^^TVSM-yyr/l/SrlWL. Js,*>"l. 1 
tii±.Xfohi%££ rmtiX^hi tPlfcUz. zttii. 

js^n. 1 u±.xb ittmzm^ ^tzm^zmtitzm 

tzi><T)Xh%> . 

[0 0 80] 2. VSMVy7)l>C0$mt5£V : J 
tt^fcttWU. 1 0kOe^WWC*3^TfM£X;J? 

* vfSJjg-emsgt jacii v s m ft 
tz. m*®.i%i6kOeconmmmm (mm.mv& 

u ±ie^ ( i ) xmzti& j s.mmLtztzb, 
i. ix-h^tz. mmmiizTfrr. 

[0081] <mm2 >&&4 y =f -y hc03flj££ N d 

sect LJtjjwtiiatCT 1 1 mmtzixG&mm&® 

fc. ft S EM t fSK Uc k C 
>?> » *4Wt4"fcl4/\- Hffi t V 7 MS fc L . * 



*1<T*W>*& 3{±a- Kffi**8 0 n mJSlTs V 7 hffl# 
8 0nmHm-5^, *fc* TEMttSEfciOS^ 
»mfrffc«#9*S3IA0. 2-0. 6/imtl.o 
fc. 33fe01 1 1 R»<0;frS;?V S JS I J 

s,Jff«Lfct:^ 1. 5 «« 

[0082] <HSfi0U 3 >£&-[ Vrf-y f-«^Nd 
6 Fe 88 B 6 tU «MW)Jfcfrtn-A'«3tBt3 0 m/ 

sect uzmammm 1 t rwc Lt^n^ 

8 0nmJaTC*ofc. TEMW9BCJ: OH^' 
»##*M:«W«9*&3ttO. 1-0. 5umX't>^ 

tz. mmi bmMe>ijmx'vsMv>7iuzfti&i,j 
s^mmuztzz. i. 4t^^.Mi^ic 

[0083] <!3l^4>££>f>':f-yh<*>ffljSj&Ncl 
4 Fe 90 B e i:U jg&fttf)3:#£ n-/lWfjI£4 0 m/ 
sect LfcJSl5«4Wt0l 1 k RtttC LTHr&ff^ft 
fc. »£ft.fc£&^0flJK1H* S E Lfc k £ 

*l-f*ic0*# m#8 0 n mJJITs V 7 hffltf 

8 0nmU[TCftofe. ifc, TEMWRfcJ: 
•»H*fl:fW*«*#«tt0. 1-0. 

mmMitmm<7>umx'vsMvy7)i>£tti$.LJ 

s^WmUztZZ, 1. 3 5Tftofc. *S***1 

[0084] <jt«M i >nssw 1 1 m tn%j&ktt& 
mm uztii.mi.mnm 2 1 muz ix &4mmmz . 

ft^ft££^»#^J»rffi$: s E MTWSE Uz tZ6. 

it&mwzii^-mtvymtmiEi. zti? 

tl<7)*% SteA- Kffl^' 1 0 0 n mlilT. V 7 hffl# 1 
OOnmlSlTTfcofc. 4fc, TENHzX^xmtltz 

M<vmX'VSM*)ry7)VZfttfLl,J s,*MW:J: 
^^>. 1. OStftofc. 18**^1 t^t. 
[0085] 

• 





tgjgg (at<M%) 


(nm) 


<nm) 




Js, 




Nd 10 F e 8< 3 j 


40-70 


40-70 


0.3-1.0 


1.7 




Nd 8 F 8 M 6, 


40-80 


40-80 


0.2-0.6 


1.55 




Nd a Fe ea B, 


40-80 


40-80 


0.1 0.6 


1.4 




Nd ( Fe gg B t 


50-80 


50-80 


0.1 0.4 


1.35 


Wl 


Nd,Fe„B, 


50-100 


50 100 




1.06 



[ 0 0 8 6 ] * 1 tzSrrTX o lz*%Wt,z&&i!?-m%t t tf^Ztitz. 

a. s^ttsdftxr u yywEm\t ixmx^&z i o o 8 7 ] <n; 
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8 f e 85 b 7 t Ltzwmmmmi t ®mzix&&%® 

bZb. £<kW£WzW\- Kffik 7 7 hffik 

U ^n-mw*#$(4^-Kffi#80 nmHT, V7 

WSOnmiaH'ln^. TEMWmiZkr) 

m^tzmmitm®cD*£Ztto. 2-0. 6^m-c- 

J) n tz . HJfeCT 1 k PHi^^^-c-v s M-^yr^fM 

L- J s^ff-WLtzbZb. 1. 6T"£>o*: 0 fiU&ftte 

5. 8kOeT*o^. ^*Sr^2^-f. 

[0 088] <HSIW6>-a-^^^-y hOfflfigS-Nd 

8 f e 86 b 6 v t t uzwummm 2 1 nmz ixi& 

Lfc k £ b s ^»flf Hffik V 7 M8k 

7 hffl#4 OnmtlTT'fto/L'. TEMWKfcJ; 
DiW^^«B»R*<WB«^*l'$»40. 2-0. 6/xm 

x-h^tz. mmm ibmmou&xvsMvyriuzft 
&u s^wmitztzb. 1. ex-bit:, umti 

(49. 8kOefft-jfc. *S*&*2t^f. 
<HI6ffll7 >££-f yi'y N d 8 F e 88 B 4 k 

Ltzwnmmm 2 1 mmiz ixiz&mmmtz. nt> 
titz^&m^cDtymwz s e Mxm& itzbzb. 
mftwz&s-mt v 7 Mifctfsttu zti-etio 

**S»4>n-K»*«4 0 nmOTs V 7 hffl#4 0 nm 



"ffcH$?)*#£(40. 2-0. 6/zm-C*ofc. H*tW 
1 k Isjaw^at'V S M-tyTVUSrfftftL J s i SrIPflS 
UzbZb, 1. 5 5t*->fc. «aaU13. 4kOe 
X'hntz. |g»*«2C^f. 
[0 089] <SOtflf!l8>-&A'f yrfv^fflSiNd 

8 f e 8 6 b 4 v 2 1 iwmmmm 2 1 nmz lx%& 
mtmtz . m ^KtzisMmnwmz s e mts$s? 
itztzb. &&rmwzws-mkV7 hmtwm 

ffit , **l^l<7>*# SttA- Kffi#4 0 n mJMT> V 
7W4 0nmiaKJ5'jfc. TEMWfcfcJ: 

9W^»#SM:f»K<o*&§U:0. 2-0. 6/zm 

gjtpi 1 1 mmomiX'v s M-fyr/i^fe 
jsujsjtfHBUJtki*, 1. ex-fritz. m&i 

(44. 3kOeT*ofc. IS***2tc5*-r. 
[0090] <$mM2>'&&4 yl"; htf)*U££Nd 
8 F e gg B 3 k Lfc£Wfi5BI0!2 fc n«Uc U-C^Wf 
£f# tz . ft fe<ifc-&^»»wflWfiiii s e M?ffl£ Lfc 
k 1 b. ^MS^CBa- Ffflk V 7 MB k #»ft 
U *ft^^^l±'N-Kffi#8 0nmjaT» V7 
WSOnmOTtfeot. TEMtioT* 

1 k ffimnUmX'V S M-tyr/l^fM L J s , SrfFfiffi 
Urfc£5, 1. 0 5T*ofc. «**a2(cSrr. 
[009 1 ] 
[fS2] 





mm (atom%) 


(nm) 


(nm) 


te.'jtf 


Ja| 




Nd 8 H"e 8 ,B, 


40-80 


40-80 


0.2-0.6 


1.66 | 




Nd 8 Fe 85 B 7 


40-80 


40-80 


0.2-0.6 


1.3 


&S50J6 


Nd 8 Fe 8S B,V, 


16-40 


15-40 


0.2-0.6 


1.6 




Nd > H'e ( ,,34 


15-40 


15-40 


0.2-0.6 


1.55 


SS«£#J8 


Nd 8 Fe 8 ,B 4 V 8 


15-40 


16-40 


0.2-0.6 


1.6 


tt«W2 


Nd 8 Fe 8 ,3 s 


40-80 


40-80 




1.05 



[ 0 0 9 2 ] m 2 t,z7F.~t£ 0 iz*mmhirimft 
(4. miii&mzTvyfWGtfwtixmtix^&z 

ttfOkZhfz. £fz. Ti. V, Zr> Nb&iR&D-rS 

tz. **7mmm*8atom%izi,iztm*mM 

Lit, 

[00 93] <jOIW9>*4'fy^yh«H**Nd 
9 Fe 76 Co 8 B 6 V 1 i:L. X h U y7^^7 hffifcj: 0 

®ftts?ast'*>s9o o*cs«i-C'<o^aia«S'W2 
s em itz tzb. &&mw<ptzws- mtv 

7 hffi t l , *tl?tL<tt$ $(4^n- h'ffi* { 4 0 
n mfilT, V7 hffl*>'4 0 n m^TXh^tz. £tz. T 



E Mm^tC i 0 ll^«^JI*4tiWW)** $(40. 3 

-o. 8umxh^tz. mmmibmmvijmxvsM 
^-yr^w^LJ s^mmuzbzb, 1. 7-c* 

*S*€-^3(c^1-. 
[00 94] <Htt0| 10 ya'yK^fijRSN 
d 10 Fe 7 5Co 8 B 6 V 1 1 L, 7. h >J y h<0& 
fr5-^ai3ISi^2 2 0 O-C/s ecb LfcjaWlWtW 

Bfffl* S E M-CWK Ufc k Z. b . -&^W4"(w(4a- H 
ffik V7 hffik*«L. -eii-ftico^tSti^N-Kffl 
*>'4 0nmJilT. V7 hffi#4 0 nmM'fcofc. t 

fc , t e Mmmizx o w^aMi-a^fiiw^* § (4 
o. 3~i. oumx-fo-otz. mmmi bmm<oijmx 
vsMiryT)i>*ftf&u s^mmitzbzb, i . 
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[0095] <mmm 1 1 >%&4 yd y homjs. * n 

dyFeygCosBsV^L, Xh'J'y^tXhOift 
ittW8B®}3 0 0 0°C/s ect L££WiHJfcW9 

KSE MTHSS Uw k £ 5 . OrikmWWzWs- Kffl 
k y 7 hffl t #fi£ L , %ti?ti<r)±% £ (ivN- Kffi# 

0. 2-0. 6jum-Cfcofc. |Hief|li:H«^riS-C 

vsM-ty^i^&LJ s,£§¥{iL£k.r^ i. 

[0096] <Hifi0"J 1 2 -x N 

d 6 Fe, 9 Co 8 B 6 V 1 tU X h 'J ^7^7. hO&ft 
*ttfflaKtt4 OOOt/sect L^£I^UHM0I9 

k m®t,z ii&mmmrz. mtv/zG&mnm 
a* s e Nix-mm uztz*>. &m&*izi£^- m 

bV7 hflfctfSMEU WW^? $JfN- Fffi# 
5 0 n mJiTF. V 7 h*B#'5 0 n mJSlTCAoJt. 4 
fc. TEMHJfcfc: J: 9W*fc«#B:«t««o** §J4 

o . i - o . 5umThotz. mmm 1 k wawflwfe-e 

VSM-frvr/^fmi/JsjSrffffiLfci:;*. 1. 
[0097] <mmi 1 3 >£&4 yrf -y h?)fflj££N 



d 4 Fe 81 Co 8 B 6 V 1 i:U, X h >J -y7'**Z h<93# 

sr?wia««55 ooo*c/seci inm\mm9 
misEMx-wmitztz^. <&&w®wziiJ\-Ftt 

6 0nratlT, V7hm*6 0nmVXFX'hr>tz. t 
fc, TE MfiftC J: 0 W^a^lttrtWHH*)** S (i 

o. i-o. 5umX'b-oK. mmm 1 k mm^^mx- 

v SM-^yr/ktffjftL J si*Mi ItzbZZ. 1. 

[00 9 8] <iffim3>£&4 Vdy Y<7)m&Kd 
6 F e 79 c o 8 B 6 v, b UzM>mmtW\9 b TOc LX 

itamt***:. mtitcsmftnmmzsEMX' 
wmmtzz, &&w$wzw\-mbV7 hisb 

#®ftU **l-WW)**c?t4/>-K«*«2 0 OnmH 
T. V7hffl*«2 0 0 nmJaTT*-5fc. TEM 

£ . ggffift i k mm^mx-v s M^yr/i^fm u j 

s^mmitlbZ^. 1. OSTibofc. te*£*3 

[0099] 
[f£3] 





*fifi2 (aton%) 


(nm) 


(nm) 




J8, 




Nd,Fo T ,Co,B,V, 


15-40 


15-40 


0.3-0.8 


1.7 


IdKPUO 


Nd l0 Fe 7 ,Co s B e V, 


15-40 


16-40 


0.3-1.0 


1.8 


f£B60>Jll 


Nd 7 F 3uCojB ( V| 


215-60 


26-60 


0.2-0.6 


1.6 




Nd,Fe 7 ,Co B B8V, 


30-50 


30-60 


0.1-0.6 


1.6 




Nd 4 Fe,,Co,B,V, 


40-60 


40-80 


0.1-0.3 


1.45 




Nd 6 Fe T0 Co,B,V, 


100-200 


100-200 




1.05 



[0100] m tZTfrt X o fc#3£f$ifcffi4££»ff 

[0101] <HJ|<5IJ 1 4 hcD«ll££ N 

d 7 Fe 78 Co 8 B 6 V 1 tL. ttftttO&ff* o-;WB 3! 
I30ra/sect LfcUUMJaStfll kH«fcLT-& 
tfHF&ttfc. »<aivt-^^<0WBriii*SEM-c« 
' * Lfc k £ * . fc J±> v- Kffi k y 7 h ffi fc # 

t , **l<Wltf>*S $ ti/N— 5 0 n mPXT. 
V7M1*<5 0nmUTT'J)O^. 4^:, TEMH^c 
10IH^M»S*-ffc««<O*#SttO. 2-0. 6x< 
mti o^. m&m 1 fc [s]«c7)^-c-V S M-*r>7°JU£ 
f^lSLJ s,*IWiUfci:£*, l. SX'hitz. tt& 
S-^4(w^-t. 

[0102] <HJS^J 1 5 >^^f y ^ 7 hOffl)j!<;5rN 



^Om/sect UfeJaWiHltW 1 kH«t LT-^ 

^ It: b £ ^ . Hffli: y 7 hfflfcj&J 

SttL, filffL^^ Hfflj&t5 0 nmtlT, 

y 7W50n mlHTX'fo ->tz. t*Z. T E Mt^tC 
J;0P^g|5^MWIli^#${iO. 1-0. 5// 

mX'b~>tz. mmi bmrnwumx-vsMyyTfrt: 

ttfRLJsitmiLtibZZ. 1. 5X'*>itc. item 
Sr^4t^-f . 

[0 10 3] <JtKE0B4 >^-^>f y^-y h^iffljSSrNd 

6 f e 78 c o 8 b 6 v, b itzWMmmm 1 4 1 mmiz 1 
x&&mmt:. %t>tit:i&m#cWMm* sem 
xmm Ltzbzb. is&mwzw\- m t y 7 h« 

k L, . ^ilfjh.W^S $ JJyN- HfflAi 1 0 0 n m 
WT, y7Wl0OnmOTtft^. itz. TE 
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1 . 0 5ti>ot. 



[0 104] 
[«4] 





«M (atom%) 


A- Ml 

(nm) 


(nm) 


(#m) 


JSi 




Nd f Fe 1l CojB ( Vi 


25-50 


25-60 


0.2-0.6 


1.6 




Nd„Fe 79 Co B B,V, 


30-50 


30-50 


0.1-0.6 


1.5 


tfc«0J4 


Nd,Fe 74 Co,B,V, 


60-100 


60-100 




l.OG 



[ 0 l 0 5 ] «4 tflrf X o (c*&H(cft*6&»ff 

{i, Rn#m*Tv yrmmt ixmx^tz 
[01063 <mmm 1 6 >mtm 9 ^tm^-nrnxm 

a?|M 5 Ft F5x^y<.y?$y (4HF*1 3 0 
0) tflyflUfc. ;^Mi^F^4$r^tfi»c7)-C' 
h . SH$flOTffi*<9* # 5 * SE M TUB L£k^ 
* 1 // mitolk&^Tfc 0 . 1 ju mJJLbWtt^iWBf 
ofc. Zcotim* 2 0 k O e flHNWfcTIitoS 

[0107] CcOffiRft* . iwr^xvawiBi m 

X5 f y ^T*S^tt» ;ModelSPS-2040) 
*ffl^T, J0ffi^l9hy/cm2, M?u&£6 5 0"C 



«B*»fc. fifcJ«Wtt«WCffl*ttfflL. mitu 
-?V-#>7lz£&mE.TXlrT'>t:. ft&SLK 
(42 0 K/m i n fc Lit. #£*lfcA*;U7XJ&*:r'J y 
XTO<0^#(4, 1 Ommx 1 OmmX7mmT'$)0. 
«5<0**J4JMf*(CfflaU-CV^ o HPB*TEM«* 
L£ t £3*SliK-»M X(i 1 5 -4 0 n mX'S) 9 , 

ksSWCSfc. ifc. $^»rffi<7)SEMag*fiW. 

titzz, 7tmmm$<7)m%wiib<it'X'$%^< h 
wwmmzKix^tz. 

[0108] M>tU&W£mz7V VTW&mXt 

(craceLfc. me* o> : 

[0 109] 

[ik4] 



Js,- 



(3) 



[o 1 103 xmzti&j s z zmmifctz?>i. 8 

HMtfta^'bx^^-aSrJtaiLfei; ££2 5MGO 

[oiii] <||JSfll l 7 >«8gi$<ajiiEfl* 8 F y/ 
c k Lfc£0Mi&ttffl l 6 k Httc LXrtfrfim 

x7>j >m&*wz. mP5(r>mmmmm<7)9 s%x 

Js 2 *iFffiUck<r<*>. 1. ST"*) 1 ), x* 
M-aii2 0MGOeT'^ot„ 18***5,35*?. 
[0112] <I»| 1 8 >«*SlBW)lDff** 7 F y/ 



c m* k L^m^HiHStM 1 6 k LTa>?£8I 

xxy yrmzmtz, wa<rmmmmm9o%x- 

b-otz. J s 2 ZWWltztZb. 1. 8-C»0, 
/l^-8Kil8MGOeT*ofc. £8**5(2]%'?. 
[0113] <HMM 1 9 >*»6i$<*>iB** 8 1 0°Ck 

Lfcjawisatw 1 6 1 mmiz Lx*w$mxr» > 
rmEtnt:. mEo®mim®mzMLxti>o. js 

,,41 • 5. x*/WMWil 5MGOetft-55t. IS 
&**5£*?. 

[0 114] 

[*5] 





ttfiK (alon%) 




BHmax 
(HQOa) 


ISlKflfllu 


Nd,F e T6 Co,B,Vi 


1.8 


26 


XK9J17 


Nd,Fe„Co,B|Vi 


1.8 


20 


&SI60<J18 


Nd,Fe„Co l B,V, 


1.8 


18 ; 




Nd,Fe re CO|,B,V, 


1.5 


15 | 



[0115] fimmmm 1 e . 17. 1 s-cttwr 

ft t 7 . 0 k O e m&OmX'fo *) . Htfeffl 1 8X14 5 . 
OkOeTftofc. *5(^?J;3^, ^5?&S(4. X 
S&JKW 9 5%m±*?l» i k *W4 L < . JWir^Xv 
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